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OPTICALLY PURE 1-a-PHELLANDRENE.
By N. C. HANCOX, M.Sc. , A.A.C.I., and T. G. H. JONES, D.Sc., A.A.O.I. 
It is well known that, up to the present, 1-a-phellandrene has not been 
isolated in a state of purity The purest sample recorded is that obtained by 
us, (Hancox & Jones, 1938) which had a specific rotation of -168·5; this 
represented a considerable advance in purity on the previous best sample, (Smith, 
Hurst & Read, 1923) , which had [a Jn -112.
It is also well known that no satisfactory method has hitherto been 
available for the quantitative estimation of a-phellandrene in fractions containing 
it; this fact explains the uncertainty concerning the actual purity of samples 
of this hydrocarbon. Various workers have recognised in the Diels-Alder addi­
tion to conjugated double bonds a reaction which might possibly be adapted 
to this purpose, since the principal impurities in phellandrene fractions are 
indifferent towards this reaction. A recent method is that of Birch (1937) , 
whose method consists essentially in allowing the phellandrene to condense with 
maleic anhydride in a suitable solvent, and from the volume of unchanged 
material, estimating the amount of impurity; thence the purity of the original 
sample. Among his results, he reports for a fraction of specific rotation - 65, 
an a-phellandrene content of 65 per cent.; this result, however, does not appear 
compatible with the very high rotation of the sample obtained by us. 
Another application of the Diels-Alder reaction, which is more direct 
than that of Birch, and presumably therefore, more suitable, has been made 
by a German worker, Kaufmann, and collaborators, ( 1937) . The principle is to 
cause the material under test to react quantitatively with a known excess of 
maleic anhydride in benzene, toluene, or xylene solution; the essential feature 
is that the excess of reagent can then be determined iodimetrically without the 
necessity for removing either the inert material or the addition compound. 
Kaufmann's work is concerned principally with the estimation of the '' diene 
number" of fats and fatty acids, but he includes a paper in which he draws 
attention to the applicability of the method to the determination of conjugated 
terpenes in essential oils, and shows that consistent results are obtainable for 
a-phellandrene, a-terpinene, myrcene and ocimene. An analysis of a commercial 
sample of a-phellandrene-unfortunately, the rotation is not quoted-indicated 
a purity of 53 per cent. 
· 
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We have applied Kaufmann's method with satisfactory results to the 
analysis of 1-a-phellandrene fractions. 'rhe sample quoted earliert with [a Jn 
= - 168-5 had a diene number of 177; as the theoretical for pure phellandr·ene 
is 186-5, this result indicates a purity of 95 per cent. This sample was further 
fractionated with a view to obtaining material of still greater purity, and we 
finally arrived at a sample whose rotation could not be increased by further 
fractionation, and whose diene number agreed ·within the limits of experimental 
error with the theoretical value. We therefore consider this material to be very 
nearly optically pure. 
A series of analyses was also carried out on phellandrene fractions of 
varying purity; the results of these are recorded below. As the impurity in the 
samples of higher rotation is almost entirely the optically inactive p-cymene,
it should be justifiable to extrapolate the results to 100 per cent. purity. A 
graph in which diene number is plotted against rotation is shown in confirmation 
of this. 
The diene number of a sample of E1lcalypt1ts dives oil was also· determined;
the result indicated a lca-phellandrene content of only 18-S per cent . 
EXPERIMEN'l'AL. 
Ka1tfmann's Method for De.termrination of Diene Nnnobers.-To a weighed
11uantity of the material (0-1 gm. is convenient for fractions of high rotation) 
iR added 10 cc. of a standardised solution of maleic anhydride in toluene (about 
n/4). The whole is placed in a sealed bottle and heated in a boiling water-bath
for four to six hours. After cooling, the contents are transferred to a 250 cc.'
erlenmeyer flask with a ground-glass stopper, and the following reagents added: 
15 cc. of a 25 per cent. potassium iodide solution, 15 cc. of a 4 per cent. potassium 
iodate solution; then, according to the amount of iodine liberated, a sufficient 
excess of decinormal thiosulphate. The flask and contentfl are then shaken for 
one hour. The excees maleic anhydride is thereby hydrolysed to the free' acid, 
which then reacts with the iodide-iodate mixture according to the following 
equation:-
CH .COOH 
3 jj + 5KI + 5KI03 -+-
CH .COOH 
CH,COOK 
3 II + 312 +3H20 
CH.COOK 
the iodine being liberated in quantity equivalent to the excess maleic anhydride. 
In the presence of excess thiosulphate, the reaction goes to completion. Finally, 
a suitable quantity of decinormal iodine is added, and the residual iodine 
back-titrated with thiosulphate. 
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To standardise the maleic anhydride, solution, a 10 cc. sample is hydro­
lysed and titrated in the manner described above. The strength of this reagent 
alters fairly quickly with time and should be redetermined every time it is used. 
The diene number is defined as the number of centigrams of iodine 
equivalent to 1 gram of material treated as above. Then if 
w =weight in grams of the sample 
a = number of ccs. of n/10 iodine equivalent to the maleic anhydride 
in the blank. 
b= do. in main experiment, 
1·27 (a- b) 
then the diene number = -----w 
Isolation of Optically Ptt.re l-a-Phellandren.e.-A sample of specific 
i'otation -168 was exhaustively fractionated at 1-2 mm. pressure using an 
efficient column. Great care vvas necessary, owing to the extreme sensitivity of 
phellandrene of high purity to destruction by increased temperatures or by 
atmospheric oxidation; the addition of solid hydroquinone to all fractions reduced 
the effect of the latter to a minimum_ In the later stages, the .rate at whicn 
the rotation increased with successive distillations became extremely slow; finally, 
a fraction was obtained which resisted further attempts at fractionation. This 
fraction had the following physical constants :--
d� 4 
20 lli) 
20 
[aJn 
·8324
1·4724 
= -177·4 
Determination of the diene number, as described above, gave the results: 
186·5, 186·0 (Theoretical for 100 per cent. phellandrene = 186·6). 
From these results, the sample represents 1-a-phellandrene of 99·5 to 100 
per cent. purity. 
The Relation beftceen Optical Rotation and l-a-PheUandrene Content of 
Fmctions.-In the table below are recorded the diene numbers of 1-a-phellandrene 
fractions of varying purity; the relation connecting optical rotation and per­
centage of 1-a-phellandrene is shown to be approximately linear over the range 
examined (v. graph). If the impurity present were also optically active, this 
relation would not hold; a sample is included with [a JD = -100 which contains 
appreciable quantities of pinene and a-thujene, and this shows the expected 
deviation. 
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OPTICALLY PURE l-a-PHELLANDRENE. 
[a]o Diene No. % 1-a-phellandrene. 
177·4 {186·5 {99·9 186·0 99·5 
174 183 98·0 
168 177 95·0 
160 170 91·0 
152 162 86·6 
132 140 75·0 
123 130 69·8 
100 (pinene and thujene side) 101 54·2 
95 (p-cymene side) 100 53·7 
E.dives oil, - 60 35 18·8 
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A determination was also made of the diene number of a sample of the 
essential oil of Eucalypt1�s d-ives, from which the 1-a-phellandrene used in this 
and other work was obtained. The oil had [a Jn = - 60, and diene number of
35; thus it is shown to contain 18·8 per cent. of 1-a-phellandrene. 
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